L earning is a mechanism by which animals modify their behavior to respond more efficiently to their environments. Like other adaptations, learning has evolved as the result of the interactions that occur between animals and their environments. From this perspective, the characteristics of learning should vary because the ecological and social conditions in which animals learn are varied. With sufficient information on the ecology of animals it should be possible to make a priori predictions about learning. We tested predictions about the ability of hummingbirds to learn different spatial patterns of food availability from individual flowers.
Hummingbirds obtain most of their energy from floral nectar, present in individual flowers in small, slowly renewed amounts (1) . The small size of humming-birds and their hovering flight while feeding make them dependent on short-term supplies of energy, requiring visits to many flowers (2) . Their foraging efficiency depends on the difference between the rates of gain and expenditure of energy. Several experiments indicate that animals often approach maximum rates of net energy gain when they feed (3) . Although learning may enhance energy returns, only a few experiments have examined the impact of learning (4) .
In their natural environment, hummingbirds returning to a recently emptied flower would have a lower rate of net energy gain than birds going to a flower that contains nectar. We hypothesized that a hummingbird reinforced for visiting a flower location should more easily learn to choose a different location during a subsequent foraging effort than learn to return to the same location.
We studied four female Archilochus alexandri (black-chinned hummingbird; 3 to 4 g), two male Eugenes fulgens (Rivoli's hummingbird; 8 to 10 g), and two male Lampornis clemenciae (blue-throated hummingbird; 8 to 9 g) captured wild in southeastern Arizona (5). They were maintained individually in 1-m 3 cages in an aviary with temperature controlled at 24° ± 2°C and with a photoperiod of 14 hours of light and 10 hours of darkness. The maintenance food was Drosophila and a 0.5M sucrose solution with vitamins, minerals, and amino acids (6) . The birds maintained in this manner have remained healthy for more than a year and have completed at least one molt.
Birds were deprived of food for 1/2 hour before the testing period each day. They were placed in a 1-m 3 cage with a perch. A 0.5M sucrose solution was provided in "flowers" made from yellow plastic syringe needles plugged with clay and fitted with a plastic corolla that extended 12 mm from the top of the syringe needle cap (7) . Flowers could be presented at two locations, 12.5 cm to the right or left of the middle of a Styrofoam strip placed against the side of the cage opposite to the perched bird.
During the initial (information) stage of each trial, a single flower containing food was presented. The position of this flower varied randomly from trial to trial, except that the position was never the same for more than three consecutive trials. After the bird was fed, the strip was removed and the second (choice) stage of the trial was begun within 10 to 12 seconds. Two flowers were presented, one containing food and the other empty. The hummingbird was allowed to visit only one flower. A visit was defined as a bird inserting its bill into the corolla. If a correct response was made, the bird consumed the food, and the flowers were removed. If an incorrect response was made, the flowers were withdrawn immediately. In either case, the next trial was begun 3 minutes later. The Eugenes and Lampornis were given 24 trials per day and the Archilochus were given 20 trials per day for 5 days per week.
Two problems were presented. "Stay learning" required a return to the position that had been visited during the information stage of the trial in order to obtain a reward during the choice stage. "Shift learning" required going to the opposite position to obtain food. All birds were trained on both tasks. Four birds first learned stay and then shift, while the other four birds learned the tasks in reverse order (Table 1) . Training on each task continued until at least 80 percent of the choices were correct each day for three consecutive days.
Every hummingbird learned the shift task in a shorter time than it learned the stay task, regardless of the order of presentation of the two tasks ( Table 1) . The slowest shift learning by any bird (Archilochus 2, 180 trials and 96 errors) was much more rapid than the fastest stay learning by any bird (Eugenes 1, 282 trials and 130 errors). These differences between stay and shift learning were statistically significant for both groups (Wilcoxon matched pairs test, T= 0, P < .01).
Two factors contributed to the more rapid achievement of criterion during shift learning: (i) different levels of shift and stay performance at the start of training and (ii) different rates of improvement on the two tasks. That the hummingbirds had a preexperimental bias toward shift behavior was evident during the first day of the experiment. They shifted about two times as often as they stayed, regardless of the task. Thus the birds being trained to shift were more often correct than those being trained to stay, on the first trial day (Table 1 ; Mann-Whitney U = 0; P < .05).
An initial bias toward shifting, however, does not in itself account for the results. The average daily improvement (percentage improvement per day; Table  1 ) for each bird was significantly higher during shift learning than during stay learning (T= 3, P < .05). This higher rate of shift learning also can be seen by comparing stay and shift learning when each was the second task to be learned. The birds showed virtually identical percentages of correct responses during the first day (U= 7; P > .40) because of previous training, but the shift task still was learned more rapidly (U= 0; P < .05).
The differences in learning rates were notable in view of the similarity in the structure of stay and shift tasks. In each case, the only cue for location of nectar was the location of the flower that had just been visited, and in each case, the correct response was a visit to a specific location. The only difference between the tasks was the rule used to relate the correct location to the remembered location. Therefore, the reason for the differences in learning rates must be sought in something other than the structure of the tasks. Similar learning occurs in rats using position cues (9) , and the ease of shift learning is not predicted by the traditional views of the effects of reinforcement on behavior (10) .
These results support the hypothesis that spatial learning in hummingbirds is related to the spatial distribution of resources influencing rates of net energy gain. The preexperimental bias toward shift behavior of these wild-caught birds may have been innate or may have reflected their earlier field experiences. But the differences in learning rates, especially during the second stage of the experiment, are unlikely to represent these kinds of effects. It is possible that an evolved tendency for hummingbirds to shift locations of flower visits is manifested in starting performance as well as in differential rates of learning. For non-spatial cues, such as colors, sounds, and shapes, stay learning should be more rapid than shift learning. This difference may be due to the nature of position as a cue, for each position in space is unique.
Differences between and within species in the ease of shift and stay learning may depend on the influence of the spatial and temporal scale of resource depletion after feeding. Shift learning should occur whenever the positions are divided so finely that visits always produce depletion; stay learning should occur whenever visits do not result in appreciable resource depletion. In hummingbirds, for example, stay learning may occur more easily at patches of inflorescences. Temporal scales may also be important for resources that are renewed, since the rate of renewal should determine the value of a site for future visits.
An ecological approach to learning, based on an analysis of the problems animals face in their natural environments, can generate useful predictions about differences in learning between and within species. This is in contrast to the recent approach called biological "constraints" on learning (11) , which requires the analysis of apparent anomalies in arbitrary learning situations. Our results suggest that the ecology of food resource distribution in space and time generates important evolutionary influences on learning.
